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PROCESS AND APPARATUS TO TREAT 
GASBORNE PARTICLES 

RELATED APPLICATION 

The present application is a continuation of US. appli 
cation Ser. No. 08/679,269 entitled PROCESS AND APPA 
RATUS TO TREAT GASBORNE PARTICLES ?led on Jan. 
21, 1998, (the second ’269 application) Which is now US. 
Pat. No. 5,824,137, Which Was a continued prosecution 
application based on a previously ?led US. application 
bearing the same title and the same serial number, but Which 
Was ?led on Jul. 12, 1996 (the ?rst ’269 application). 

FIELD OF THE INVENTION 

The invention relates to a process and an apparatus for the 
in situ generation of agglomerate structures and the con 
trolled in?uencing of the resulting agglomerates. 

BACKGROUND OF THE INVENTION 

Processes and apparatus for the in situ generation of 
agglomerate structures and the controlled in?uencing of the 
resulting agglomerates are particularly useful in catalytic 
gas-solids syntheses Where dif?culties arise in the case of 
conventional particle precipitation techniques, since the siZe 
of the primary particles of the aerosols to be treated is, as a 
rule, distinctly less than 1 pm, and it is not possible, or at 
least not economically viable, for particles of this siZe to be 
precipitated applying conventional particle precipitation 
techniques. In this ?eld of application, ie the solids syn 
thesis from gas phase reactions, the siZe of the primary 
particles is frequently only a feW nanometres. Already for 
economic reasons, an extremely effective particle precipita 
tion is required in such instances, since the particles present 
in the aerosol constitute the substance of value to be 
extracted. Accordingly, Within the framework of such solids 
syntheses, the increasing of the particle siZe prior to the 
actual particle precipitation is the primary objective, 
although the resultant structure of the agglomerate may be 
in?uenced by the agglomeration process selected. 

Basically, the desired increasing of the particle siZe can be 
achieved in various Ways. In addition to so-called “Wet” 
processes, in Which the particle-siZe increase is achieved by 
condensation of Water vapour from a supersaturated 
atmosphere, agglomeration techniques, Which are referred to 
as “dry” processes and in Which the desired agglomeration 
is provided by a collision of the particles in a ?uid phase, are 
also knoWn. Accordingly, a prerequisite for this so-called 
direct agglomeration is that the individual particles in the 
?uid phase have a relative velocity amongst one another. 
This relative velocity can be provided by means of thermal 
and turbulent diffusion or by a particle movement induced 
by force ?elds. The force ?elds include, in particular, 
gravitational ?elds, centrifugal ?elds, sound ?elds or electric 
?elds. The advantage of an electrically induced 
agglomeration, ie the production of relative velocities of 
the particles by means of an electric ?eld, lies in the energy 
requirement Which is considerably loWer, for example in 
comparison to sound ?elds, in particular in the range of 
relatively small and smallest particles, Where electric forces 
continue to exert a considerable in?uence on particle 
movements, While having a loW energy requirement. 

Electrostatic ?lters, in Which a particle-loaded ?oW of gas, 
Which is to be cleaned, is divided up into tWo component gas 
?oWs, Which are spatially separated from each other, are 
knoWn from DE 37 37 343 Al and US. Pat. No. 3,826,063. 
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2 
Each component gas ?oW is charged unipolarly in the usual 
manner by at least one pair of electrodes. After the unipolar 
charging of the component gas ?oWs, they are again brought 
together. 
An electrostatic ?lter Which comprises ioniZation elec 

trodes and precipitation electrodes is knoWn from DE OS 1 
407 534 for the precipitation of particles from ?oWs of gas. 
The ioniZation electrodes are designed as needle-shaped 
electrodes Which are arranged opposite each other, While in 
each case tWo oppositely disposed ioniZation electrodes 
project into a holloW body Which serves as the precipitation 
electrode. The desired precipitation of the particles is 
achieved due to a potential difference betWeen the ioniZation 
electrodes and the precipitation electrode associated 
thereWith, i.e. also in this arrangement, a unipolar charging 
of the particles takes place. 
A process and an apparatus for the separation of solid or 

liquid particles from a ?oW of gas by means of an electric 
?eld are knoWn from US. Pat. No. 4,734,105. In this regard, 
the particle-loaded gas ?oW is directed through a ?oW duct 
in Which a plurality of planar ?at or planar curved electrode 
pairs are arranged. At least the main electrodes are provided 
With needle-shaped extensions Which project into the ?oW 
duct and have spherical or semi-spherical tips, at Which a 
corona discharge and, thus, an ioniZation of gas molecules 
take place, once an electric ?eld has been applied. In this 
regard, the spherical or semi-spherical tips of the needle 
shaped electrode extensions have a diameter Which is greater 
than the diameter of the shank of the needle. It is intended, 
by means of tWo secondary electrodes Which are designed, 
for example, to be lattice-shaped, to ensure that the region in 
Which the gas is ioniZed is separated in the radial direction 
from that region of the ?oW duct in Which the particles, 
Which are charged With the aid of the gas ions, collide. It is 
intended, in this manner, to permit the application of an 
intense electric ?eld, Which is intended to provide the 
solution to the problem set out in US. Pat. No. 4,734,105, 
namely to reduce, to a substantial extent, the path required 
in the direction of ?oW for the precipitation of the particles. 
Accordingly, the apparatus described in US. Pat. No. 4,734, 
105 is a further development of an electrostatic ?lter. 

Accordingly, the basic concept of increasing the rate of 
collision of particles Which are present in a ?oW of gas by 
applying an electric ?eld, is knoWn. It has, hoWever, here 
tofore not been possible, With the aid of knoWn methods of 
charging particles, to in?uence the electrically induced 
agglomeration of particles in a controlled manner such that 
agglomerates having speci?c properties With regard to 
concentration, structure or dimension are obtained. 

It is thus an object of the present invention to provide a 
process and an apparatus for the in situ generation of 
agglomerate structures and the controlled in?uencing of the 
resulting agglomerates. 

SUMMARY OF THE INVENTION 

According to the invention, this object is met by a process 
comprising the steps of directing a particle-laden ?oW of gas 
originating from a gas phase reaction through a closed 
elongated ?oW duct, and coupling into the ?oW duct an 
electric ?eld Which is suitable for the ioniZation of the gas 
?oWing through the ?oW duct via at least one pair of 
needle-shaped ungrounded electrodes having opposite 
polarity, the electrodes of each electrode pair being disposed 
radially opposite each other in the ?oW duct With no struc 
ture residing therebetWeen along the length of the duct 
occupied by the electrodes, the electrodes being spaced an 
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effective distance such that ionization of the gas takes place 
between the electrodes, causing speci?c agglomeration, With 
regard to at least one of the parameters concentration, 
structure or dimension, of the particles in the How duct 
during ?oW therethrough. 

This object is also met by a corresponding apparatus 
Which includes a closed and elongated ?oW duct, a plurality 
of needle-shaped electrodes arranged in pairs in the How 
duct, the electrodes being arranged in pairs radially opposite 
each other in the How duct, the electrodes being insulated 
With respect to the Walls of the How duct and Wired so as to 
be ungrounded, the electrodes of each said pair having 
opposite polarity and having no structure residing therebe 
tWeen along the length of the duct occupied by the 
electrodes, and a current source connected to the electrodes, 
the current source having a strength sufficient to produce 
corona discharges betWeen the electrodes of each said pair 
so that ioniZation of the gas takes place betWeen the 
electrodes, causing a speci?c agglomeration, With regard to 
at least one of the parameters concentration, structure or 
dimension, of the particles in the How duct during ?oW 
therethrough. 

Consequently, it has been recogniZed that it is necessary, 
for the successful bipolar charging of gas-borne solid or 
liquid particles, for all the electrodes to be designed to be 
needle-shaped and to be arranged such that the tips of each 
pair of electrodes are disposed opposite each other in the 
How duct. The eXpression “needle-shaped” is not intended to 
restrict the electrodes used as far as their siZe is concerned, 
but is intended merely to characteriZe the electrodes With 
regard to their spike-like shape and their tip, the curvature 
diameter of Which is smaller than the diameter of the 
electrode shaft. 

In this regard, the electrodes must be Wired such that they 
are ungrounded. In addition, it must be ensured that the 
electric ?eld is coupled into the How duct only via the 
needle-shaped electrodes, and that the ?oW duct is, 
otherWise, free of outside electric ?elds. As a result thereof, 
it is ensured that the electric ?eld is coupled in a spatially 
narroWly de?ned region, such that the agglomeration of 
particles takes place essentially in regions in Which no 
outside electric ?eld is present. In this manner, it is pre 
vented that, in the case of an incomplete recombination of 
oppositely charged particles, a particle drift in a radial 
direction of the How duct and, thus, a precipitation of 
particles in the How duct take place. According to the 
invention, a spatial separation of the charging Zones, ie a 
volumetric division of the ?oW, for the separate polarity 
speci?c charging as is common in conventional processes 
and apparatus, is no longer required, as a result of Which the 
precipitation of particles in the region of the charging Zones 
is considerably reduced. In addition, as tests have shoWn, the 
absence of an outside electric ?eld results in an increased 
rate of collision of the bipolarly charged aerosol and, thus, 
leads to a more effective agglomeration. In the process and 
apparatus according to the invention, the required Wiring of 
the electrodes is also far simpler, due to the absence of 
additional secondary electrodes. 

According to the process and apparatus according to the 
invention, coronas do not, as is the case in the prior art, burn 
betWeen electrodes Which are disposed on one and the same 
side of a How duct, but rather betWeen the tips of, in each 
case, tWo oppositely arranged electrodes. In addition to a 
reduction of the outlay in respect of the construction, this 
arrangement also results in that an electrostatic diffusion of 
identically charged gas ions takes place in the region of the 
needle tips, such that virtually the entire space of the How 
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4 
duct is ?lled With charge carriers, although the electric ?eld 
Which serves for coupling-in is spatially very restricted. 
With the arrangement according to the invention, it is 
possible, for the ?rst time, by applying an at least virtually 
symmetrical potential ratio at oppositely disposed 
electrodes, to charge virtually 100% of the gas-borne par 
ticles such that a virtually symmetrically bipolarly charged 
aerosol is provided. Consequently, it is noW possible for 
super?ne aerosols, i.e. aerosols Which contain particles 
essentially in the submicrometre range, i.e. particles smaller 
than 1 pm, preferably smaller than 0.5 pm and, in particular, 
smaller than 0.1 pm, to be agglomerated in an ef?cient 
manner. 

In addition to being able to use conventional particle 
precipitation techniques even in respect of particles Which 
Were formerly not precipitatable in an economic manner, by 
?rst incorporating the process according to the invention or 
an apparatus according to the invention, it is noW also 
possible to use the process according to the invention or to 
use an apparatus according to the invention Within the 
framework of solids synthesis processes from gas phase 
reactions for the controlled in?uencing of the resulting 
agglomerates. With the aid of the electrically induced 
agglomeration, it is noW possible, for eXample With regard 
to concentration, structure and dimension, to achieve, vir 
tually in situ, speci?c agglomerate structures Which differ 
clearly from these agglomerate structures such as they occur 
in diffusion-motivated agglomerations, i.e. agglomerations 
due to thermal and turbulent diffusion. Examples of appli 
cation are currently found in glass ?bre synthesis, TiO2 
pigment synthesis, the synthesis of matrix material (A1203) 
for the chip industry, and in the semiconductor and super 
conductor synthesis. 

It is seen from the above that the process according to the 
invention and the apparatus according to the invention are, 
in particular, suitable for the electrically induced agglom 
eration of small and smallest gas-borne particles, ie that it 
is even possible to agglomerate particles, the siZe of Which 
falls in the nanometre range. 

In the case of smaller and the smallest particles, measure 
ments have shoWn that the number of the electric unit 
charges per particle after the charging operation by means of 
the process according to the invention and the apparatus 
according to the invention is also in the region of 10 to 20. 
A higher charging is, hoWever, not possible due to physical 
limits in the submicrometre region. Moreover, in the case of 
smaller and the smallest particles, the loW number of unit 
charges mentioned is perfectly adequate to increase the rate 
of agglomeration, since smaller particles, in particular par 
ticles With a siZe in the nanometre region, have a very high 
mobility, for Which reason even the smallest attracting 
interactions betWeen the individual particles clearly in?u 
ence particle dynamics. 
A decisive advantage of the process according to the 

invention and of an apparatus according to the invention is 
to be found in the focussing effect of the needle-shaped 
electrodes, as a result of the opposing arrangement of Which 
it is possible to generate oppositely charged particles in an 
immediate vicinity and in a spatially narroWly de?ned 
region, Whereby the agglomeration rate is considerably 
increased in comparison to conventional processes and 
apparatus, and a precipitation of particles, in particular in the 
region of the corona electrodes, is greatly reduced. 
The aerosol ?oWing through the How duct is preferably 

repeatedly bipolarly charged in the direction of ?oW, in order 
to compensate for the charge recombination, Which occurs 
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during an agglomeration of oppositely charged particles, and 
to ensure a high collision rate. As a result of the repeated 
bipolar charging of the aerosol, it is also possible to in?u 
ence the dimensions of the agglomerate in a controlled 
manner. Tests have shoWn that the step-by-step connection 
of additional pairs of electrodes results in an additional shift 
of the resultant particle siZe distribution into regions of 
greater particle siZes. A saturation of the agglomeration 
effect, oWing to repeated bipolar charging of the aerosol, 
could not be established. 

It has also been found that it is particularly advantageous 
for the region in Which the electric ?eld is coupled into the 
How duct to be kept as small as possible. According to a 
preferred embodiment of an apparatus according to the 
invention, this is achieved in that the shaft of each electrode 
is surrounded by an electrical insulation, such that the region 
of generation of the charge is restricted to the tips of the 
needle-shaped electrodes. 

The Walls of the How duct are preferably composed of 
electrically insulating plastics material or of a metal Which 
is provided With an electrically insulating coating. In this 
manner, the focussing effect of the needle-shaped electrodes, 
With respect to the electric ?eld, is still further increased. 

The invention Will be described in more detail hereinafter 
With reference to diagrammatic illustrations of an eXempli 
?ed embodiment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a partially opened-up perspective vieW of an 
apparatus according to the invention, 

FIG. 2 shoWs a needle-shaped electrode, Which is used in 
the apparatus according to FIG. 1, in an extended form. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

An arrangement 10 for the electrically induced agglom 
eration of gas-borne particles essentially comprises a closed 
?oW duct 12 through Which ?oWs, in the direction of the 
arroW, an aerosol Which contains gas-borne particles 14 
Which may be solid or liquid. The Walls of the How duct 12, 
ie the top surface 16, the bottom surface 18 and the tWo side 
faces, are composed of metal Which is provided, on the inner 
side, With an electrically insulating coating. The Walls may, 
hoWever, equally Well be composed of an electrically insu 
lating plastics material. For the sake of greater clarity, that 
side face of the How duct 12 Which faces the vieWer is 
illustrated as being transparent merely in the Figure. 

Spike-like or needle-shaped electrodes 20, 22 are secured 
in the top surface 16 and the bottom surface 18 of the How 
duct 12, Which electrodes are electrically insulated With 
respect to said How duct and pass through the surfaces 16 
and 18 and eXtend therefrom at right angles into the How 
duct 12, in each case, to the same eXtent. The electrodes 20 
and 22, the structure of Which is shoWn more clearly in FIG. 
2, are connected, via an electric line 24, Which is merely 
indicated in FIG. 1, to a source of high-voltage direct 
current, Which is not illustrated, and are Wired to be 
ungrounded, ie the top electrodes 20 in FIG. 1 are con 
nected to the positive pole of the direct current voltage 
source, While the respective oppositely disposed bottom 
electrodes 22 are connected to the negative pole of the direct 
current voltage source. The term “ungrounded” is thus 
intended to signify that none of the electrodes 20 and 22 is 
earthed, but is rather actually connected to a positive and a 
negative potential, respectively. Instead of the source of 
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6 
direct current voltage, it is also possible to use a source of 
high-voltage alternating current. 
One electrode 20 and one electrode 22 in each case form 

one electrode pair 20, 22, the tips 26 of Which are disposed 
directly opposite each other With a spacing therebetWeen 
Which may be in the region of at least about 10 mm up to 
about 40 mm. In the case of a very large ?oW duct, the 
spacing betWeen the tips 26 may also be distinctly greater 
than 40 mm. 

Five electrode pairs 20, 22 of this kind are arranged in the 
centre of the top surface 16 and the bottom surface 18, 
respectively, at a spacing of, in each case, 10 cm in the 
direction of ?oW. The spacing in the direction of How of 
successive electrode pairs results from the residence time 
Which particles 14 are intended to have betWeen successive 
electrode pairs 20, 22, ie it depends on the geometry of the 
How duct used and on the How rate of the aerosol. It has been 
found that the residence time betWeen electrode pairs 20, 22, 
Which are arranged in succession in the direction of ?oW, is 
advantageously of the order of one second. 
By applying the source of direct current voltage in the 

manner described, an electric potential is made available to 
the oppositely disposed tips 26 of the electrodes 20 and 22, 
Which potential is suf?cient to produce a stable corona 
discharge at each tip 26. To this end, ?eld strengths of about 
2,000 V/cm are required. If the spacing betWeen the tips 26 
of an electrode pair 20, 22 is, for example, 20 mm, a voltage 
of about 4,000 V must, hoWever, be applied to the electrodes 
20 and 22. 

The locally very high electric ?eld strengths, Which are 
produced due to the coronas Which burn in a stable manner 
betWeen the tips 26, cause the ioniZation of the carrier gas. 

The thus produced gas ions and the free electrons, due to 
a collision With the gas-borne particles, subsequently bring 
about the charging of said particles. In this regard, the 
potential relationship betWeen the electrodes 20 and 22 is set 
such that a substantially symmetrical bipolar charging of the 
aerosol, Which is directed through the How duct 12, takes 
place. The agglomeration of the charged particles in part 
already takes place in the region of the charging Zone, ie 
between the electrodes 20 and 22, but takes place essentially 
immediately doWnstream. No outside electric ?eld is present 
beyond the charging Zones due to the electric ?eld Which is 
heavily focussed by the tips 26 and due to the electrodes 20 
and 22 Which are electrically insulated With respect to the 
How duct 12. 
The ?ve electrode pairs 20, 22 ensure that the agglom 

eration of oppositely charged particles taking place during 
the residence time of the aerosol in the How duct 12 and the 
resultant charging recombination, Which causes a reduction 
of the attractive interaction potential Within the particle 
collection, is balanced out and is overcompensated for, and 
a high collision rate is thus maintained along the entire 
length of the ?oW duct 12. With a controlled 
overcompensation, it is possible to in?uence the resultant 
dimension of the agglomerate, With a vieW to an increase 
thereof, by the repeated bipolar charging of the aerosol. 

FIG. 2 shoWs the structure of a needle-shaped electrode 
20 and its mounting in the top surface 16 in more detail. The 
electrodes 22 have the same structure and are mounted in the 
same manner in the bottom surface 18 of the How duct 12. 
The core of the electrode 20 is a thin long special steel 

needle 28, and the tip 26 is formed on its inner end, relative 
to the How duct 12. An outside screW thread 30 is provided 
on the greater part of the special steel needle 28. That part 
of the needle shaft 31 Which, in the ready-for-use state, 
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projects into the How duct 12 is surrounded by an electrical 
insulation 32 Which leaves clear only the tip 26 and thus 
extends from the shaft-sided end of the tip 26 up to the 
commencement of the outside thread 30. 

Via its outside screW thread 30, the special steel needle 28 
is screWed into a brass sleeve 34 Which, for that purpose, is 
provided With a continuous bore 36 having a matching 
inside screW thread 38. At its end facing the How duct 12, the 
brass sleeve 34 is provided With an outside thread 40, via 
Which it can be screWed into the top surface 16 in Which a 
hole, having a corresponding inside thread, is provided. A 
connection 42 for an open-j aWed or ring spanner is provided 
at that end of the brass sleeve 34 Which faces aWay from the 
How duct, in order to facilitate the screWing-in operation. 

The electrical connection of the electrode 20 is provided 
by means of a further sleeve 44, Which also has a continuous 
bore Which is provided With an inside screW thread Which 
matches the outside screW thread 30 of the special steel 
needle 28. This sleeve 44 Which is connected to the line 24, 
Which is not illustrated in the present instance, is screWed on 
that part of the outside thread 30 Which projects outWardly 
from the brass sleeve 34. Reference number 46 designates a 
handle member Which is mounted on the sleeve 44 and 
simultaneously serves for electrical insulation. 
What is claimed is: 
1. Process for the in situ generation of agglomerate 

structures and the controlled in?uencing of the resulting 
agglomerates, comprising the folloWing steps: 

directing a particle-laden How of gas originating from a 
gas phase reaction through a closed elongated ?oW 
duct, and 

coupling into the How duct an electric ?eld Which is 
suitable for the ioniZation of the gas ?oWing through 
the How duct via at least one pair of needle-shaped 
ungrounded electrodes having opposite polarity, the 
electrodes of each electrode pair being disposed radi 
ally opposite each other in the How duct With no 
structure residing therebetWeen along the length of the 
duct occupied by the electrodes, the electrodes being 
spaced an effective distance such that ioniZation of the 
gas takes place betWeen the electrodes, causing speci?c 
agglomeration, With regard to at least one of the param 
eters concentration, structure or dimension, of the par 
ticles in the How duct during ?oW therethrough. 

2. The process according to claim 1, Wherein the particles 
are at least substantially symmetrically charged. 

3. The process according to claim 1, Wherein the particles 
are repeatedly bipolarly charged in the direction of ?oW. 

4. The process according to claim 1, Wherein the particles 
are charged in a direct current voltage ?eld. 

5. The process according to claim 1, Wherein the electric 
?eld is focussed in a spatially very narroWly de?ned region 
betWeen the tips of the needle-shaped electrodes. 

6. The process according to claim 1, Wherein at least some 
of the particles to be charged are smaller than 0.1 pm. 

7. The process of claim 1, Wherein the strength of the 
electric ?eld is about 2,000 volts/cm. 

8. The process of claim 1, Wherein the distance betWeen 
the needle-shaped electrodes is in the range of about 10 mm 
to 40 mm. 

9. The process of claim 1, Wherein the agglomerate 
structures consist of titanium dioxide (TiOZ). 

10. The process of claim 1, Wherein the agglomerate 
structures consist of pyrogenic oxides usable in the glass 
?bre or semiconductor industry. 
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11. The process of claim 1, Wherein the agglomerate 

structures consist of aluminum dioxide (A1203). 
12. The process of claim 1, Wherein there is in the 

elongated ?oW duct essentially no electric ?eld other than 
the electric ?eld generated betWeen the pair of radially 
opposing electrodes. 

13. Apparatus for the in situ generation of agglomerate 
structures and the controlled in?uencing of the resulting 
agglomerates, comprising: 

a closed and elongated ?oW duct (12), 

a plurality of needle-shaped electrodes (20, 22) arranged 
in pairs in the How duct (12), the electrodes being 
arranged in pairs radially opposite each other in the 
How duct (12), the electrodes being insulated With 
respect to the Walls of the How duct and Wired so as to 
be ungrounded, the electrodes of each said pair having 
opposite polarity and having no structure residing ther 
ebetWeen along the length of the duct occupied by the 
electrodes, and 

a current source connected to the electrodes, the current 
source having a strength suf?cient to produce corona 
discharges betWeen the electrodes of each said pair so 
that ioniZation of the gas takes place betWeen the 
electrodes, causing a speci?c agglomeration, With 
regard to at least one of the parameters concentration, 
structure or dimension, of the particles in the How duct 
during ?oW therethrough. 

14. The apparatus according to claim 13, Wherein the 
potential ratio applied to oppositely disposed electrodes (20 
and 22) is at least substantially symmetrical. 

15. The apparatus according to claim 13, further com 
prising a plurality of electrode pairs (20, 22) arranged in 
succession in the How duct (12). 

16. The apparatus according to claim 15, Wherein the 
electrode pairs (20, 22) are arranged in the How direction 
With a spacing therebetWeen of at least approximately 10 
cm. 

17. The apparatus according to claim 13 Wherein the 
current source is a source of high-voltage direct current. 

18. The apparatus according to claim 13, Wherein each 
electrode (20 and 22) includes a needle shaft (31) Which is 
surrounded by an electrical insulation (32). 

19. The apparatus according to claim 13 Wherein each pair 
of electrodes includes tWo oppositely disposed tips (26) 
spaced from each other by about 10 mm to 40 mm. 

20. The apparatus according to claim 13 Wherein each of 
the electrodes (20 and 22) is secured in the duct Wall by tWo 
sleeves (34, 44). 

21. The apparatus according to claim 13, Wherein the duct 
Wall is made of electrically insulating plastics material. 

22. The apparatus according to claim 13, Wherein the duct 
Wall is made of metal and is provided on the inside With an 
electrically insulating coating. 

23. The apparatus of claim 13, Wherein the strength of the 
electric ?eld is about 2,000 volts/cm. 

24. The apparatus of claim 13, Wherein the distance 
betWeen the needle-shaped electrodes in the range of about 
10 mm to 40 mm. 

25. The apparatus of claim 13 Wherein there is in the 
elongated ?oW duct essentially no electric ?eld other than 
the electric ?elds generated by the pairs of opposing needle 
shaped electrodes. 


